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,Scienc'e in Chemistry presented September 1, 1972. 
Title: Kinetics of the Cope Rearrangement of 3.4-DiphenYlhexa-1.5-diene 
APPROVED BY MEl1BERS OF THE THESIS COMMITTEE 
Kinetics investigations of the thermal Cope rearrangereent of 
meso- and dl-3,4-diphenylhexa-1.5-dienes were undertaken in order to 
gain information about the transition states for these reactions by 
determining the appropriate enthalpies and entropies of activation. 
Of particular interest were the activation parameters for the meso, 
compounds' rearrangement as it represents the only kno~~ example in 
vhich both four- and six-centered transition states are of comparable 
energy. 
Kinetics of the dl isomers' rearrangement in the temperature 
range 90-1100 were determined using 5 X 10-5 Msolutions of the olefin 
in heptane contained within sealed Pyrex ampules. Extents of reaction 
were determined from UV absorbance measurements at 256 nm. Product 
instability, becoming pronounced after 85-90% reaction, was observed. 
Two rate constants were calculated covering 0-85~ and 0-98% reaction. 
respectively, from each set of data. Evaluations o~ enthalpies of 
activation from the two sets of rate constants gave, respectively, 
23.8 and 23.9 kcal/mole, indicating that inclusion of the increas­
ingly erratic kinetics data collected after 85% reaction had little 
effect upon this activation parameter. The corresponding entropies 
of activation at 1000 were -12.9 and -12.6 eu. Both activation 
parameters are consistent with those for other Cope rearrangements 
indicating that the thermal isomerization of 2l-3,4-diphenylhexa-1,5­
diene in the temperature ra~ge 90_1100 is normal in every respect. 
Kinetics studies of the more interesting meso-diene were 
-
precluded by the failure to locate means of controlling product de­
composition, which would be expected to become more severe at the 
higher temperature required (140-1600 ). 
Additionally, alumina-catalyzed isomerizations first obse~ed 
aCCidentally for the £l-diene, and subsequently verified for both 
~- and dl-olefins, were examined. In contact with 100 times its 
weight of very foctive alumina'at 'room temperature the dl isomer was 
" found to undergo conversion in the extent of 40% during a two-hour 
. . 
period to transatrans-1.6-diphenylhexa-1,5-diene. ~-3,4-Diphenyl­
hexa-1 ,5-diene underwent structural reorganization nlore slowly; after 
70 hours over alumina a 15~ conv~rsion to a 9:1 mixture of zis~trans­
and trans,trans-1,6-diphenylhexa-;.'5-dienes was noted. The stereo­
\ 
specificities observed for these unusual catalyzed rearrangements 
parallel those of their thermally- induced counterparts.
-. -~ ~ 
}~difications in the syntheses of ~- and 9!.1,6-dibromo-),4­
diphenylhexanes, and ~- and dl-)t4-diphenylhexa-1,5-dienes, are 
also presented. 
'. 
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INTRODucrION 
During the first four dec~des of this century considerable re­
search effort was channeled into the development ot satisfactory 
general method~ for the synthesis of vi~lic analogues of barbital 
and phenobarbital, shown in Fig. 1, since the former had been found 
to possess marKed hypnotio powers. Investigative attention was focused 
Q b 
Figure 1. The structures of barbital (a)t phenobarbital (b), 
aru:i a representative vinylio analogue (C). . 
upon appropriately substituted malonic and cyanoacetic esters, and 
malononitriles, as these are the immediate precursors of barbituric 
acid and many of its derivatives. Numerous synthetic routes to these 
compounds were proposed and surveyed. MOst, however, proved im­
practical due either to extensive formation of undesired side products 
or to the absence of any reaotion whatever (1). The remainder yielded 
the sought. after vinyl-substituted compounds in only slightly more 
than i~olable quantities (2). 
In the latter part. of the 1930's however, the late Arthur C. Cope 
2 
and co-~orkers came upon several highly sucessful methods for the 
preparation of unsaturated malonic and cyanoacetic esters (~,4) 
which involved the alkylation of delocalized carbanions generated 
, 
from alkylidene malonates or cyanoacetates by treatment with strong 
bases. One such compound, ethyl (1-methylpropenyl)-allylcya.noacetate, 
;a, prepared from allyl bromide and the sodio derivative of ethyl 
(1-methylpropylidene)-cyanoacetate, It (see Fig.2), was found to behave 
rat~er peculiarly when purified by repeated fracti~hal distillation 
i!!. vac~o. Each successive fractionation was acccS~~ed"by an ,increase 
.... 
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Figure 2. Preparation of ethyl (1-methylpropenyl)-allylcyano­
acetate. 
in boiling point and index of refraction, both eventually becoming 
constant. Based upon these observations and others (4), Cope con­
cluded that the initially formed (1-methylpropenyl)-allylcyanoacetate 
which could be insolated in good yield when distillation was carried 
-- - --- - -
out at low pressures, had undergone a skeletal reorganization. 
Additional evidence allowed Cope to tormulate the rearrangement 
product as ethyl (1,2-dimethyl-4-pentenylidene)-cyanoacetate, III 
(no steriochemistry implied). 
By analogy to the Claisen rearrangQ)'1ent, in which an allyl group 
migra~es trom an electronegative atom (oxygen) to a more electro­
positive atom (carbon), Cope proposed that the allyl group migrated 
trom one carbon ot the cyanoacetate. made electronegative by the
': ,.: 
adjoining cyano and carbethoxy tunct,ionalities, t,o another more elec­
tropositive carbon three atomio centers distant. In addition the 
reaction was tound to depend upon the presence ot an allylic group (4), 
as in the Claisen rearrangement, leading Cope to postulate a cyclical 
mechanism in which the allylio group migrated intramolecularly and 
with inversion (see 'Fig. :3). (An energy protUe tor the proposed 
mechanism is also shown tor completeness.) 
Subsequent investigations by Cope and co-workers revealed that 
this thermally induced reaction was general tor allylic-vinylic cyano­
acetates, malononitrUes, and malonic esters (S), as well as struc­
turally similar substrates activated by only one qyano or carboxyl 
group ~6). or by a single phenyl group (7), and substrates which were 
unactivated (7). In wery instanoe migration Qt the allylic group 
,
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Figure :2. A simplified, mechanism for 
#_-
the Cope rearrangement. 
occured from the original binding site to a new atomic position two 
atoms distant. That the shift was accompanied by inversion of the 
allylic moiety and preceded by an intramolecular process was demon­
strated by product analysis and crossing experiments (8). 
Subsequent to Cope's discover.y. the mechanism of the thermally 
induced valence isomerization of compounds possessing a hexa-1.5-diene­
type carbon skeleton that is, the 'Cope rearrangement has been subjected 
to much scrutiny. The bulk of in:f'onnation acquired thus far over­
whelmingly favors a concerted mechanism (9). The evidenoe includes 
5 
the absence of intermolecular crossing (8,9), insensitivity to solvent 
changes (10,11). the adherence of reaction rates to the first-order 
rate law, and the inversion of allylic groups. Consistant also with 
the constrained, low-polarity transition ~tate which such a mechanism 
demands are the relatively low enthalpies of activation, and negative 
volumes and entropies of activation, which are observed experimentally. 
Values of the former vary between about 6 kcal/mole and J6 kcal/mole. 
Typical entropies of activation lie 1n the range of -5 to -14 eu. 
(cal/mole-degree). .(A summary of activation parameters with their 
associated references may be found in the discussion section.) 
Examination of a~ acyclic molecule possessing a hexa-1,5-diene­
type structure ind1oat4:!s however that more than one six-mombered 
cyclic transition state is possible; each of these is derived from a 
different conformation of the hexadiene skeleton (Fig. 4). One of the 
.. --.-~..R -<rR1 .. I 
: ...... I 
R - II R 
1 
--<: , _I~I·I I ......... 
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a, R = CH3 
b, . R :-_ ~H~ 
Figure 4. Alternative transition states for the Cope rearrange­
ment illustrated by the isomerization ot,a ~-3,4-disubstituted 
" 'hexa-1,S-diene. 
I" 
6 
. I 
more general questions raised concerning the mechanism of the Cope 
rearr~ngement is which of these transition states is energetically 
preferred. An. answer was provided by Doering and Roth (12) who 
. 
examined the rearrangement of ~-and SL-3,4-dimthylhexa-1,5.-diene 
(Fig. 5). The meso compound, IX, rearranged almost exlusively (99.7~) 
to cis,trans-octa-2,6-diene, X. The remaining O.3~ may have been trans, 
trans' isomer, XII, arising from impurities in the starting material. 
. .' 
The. isomer~c 9l-diene, XI, yielded 9~f.,trans.~rans- and 1 O~ cis, cis-
2,6-octadienesN XII and XIII respectively_ 
... 
~~-r~. RearrangG1J1ents of !!!!2,- and 9l-3,4-dimethyl­
~iene. . 
Doering'S results may be rationalized by considering the re­
arrangement of the ~-dimetbyl compound as illustrated above in. 
, 
Fig. 4. Of the two possible transition states available, only the 
chair-like four-centered-type, VIIa, leads to the major pl'oduot, 
cis I tans-octa-2.6-diene. The six-centered boat-like transition stat'e, 
VIIIa, leads to the isomeric trans,trans-diene which, observed in 
trace amounts, may have resulted from residual. dl isomer in the starting 
material. A simUar analySiS starting with th~ dl compound (not shown 
~......------------~--
I 
,. 
7 
in Fig. 4) indicates that both rearrangement products were generated 
~ chair-like transition states differing only in the disposition of 
substituents. The product of reaction through a six-centered tran­
sition state, cis,trans-octa-2,6-diene, was not observed. 
Based upon the observed product distributions for these highly 
stereospecific rearrangements Doering concluded that the chair-like 
four-centered transition state of the type VlIa was favored energe­
tically over the boat-like six-centered alternative VIlIa. The 
difference in energies amounted to at least 5.7 kcal/mole. At this 
juncture it should be noted that, although neither of the compounds 
investigated.by Doering and Roth underwent significant rearrangement 
through, a six-centered transition state, numerous exaD1ples are known 
in which, due to molecular constraints, reaction is allowed to proceed 
only through this mode. 
" 'Approximately 15 years prior to Doering and Roth's investigations 
Koch (13) reported that preparation of ~-3,4-diphenylhexa-1,5-diene 
(shown in Fig. 4,R phenyl) and its rearrangement to a 3:2 mixture of 
trans,trans-1,6- and trans-1,4-diphenylhexa-1,5-dienes. On the basis 
of the presently known behavior of the Cope, neither of these two 
products were those which would have been predicted. Preferential 
formation of the trans,trans-diene over the cis,trans isomer contra­
dicted Doering's results, and formation of the trans-1,4 isomer was 
inconsistent with the established mechanism of the rearrangement. A 
reinvestigation of this anomalous reaction by Lutz and co-workers (14) 
revealed that one of Koch's structurai assig~ents was incorrect. In 
fact the rearrangeme~t product (a~ 1~OO) consisted of 63~ cis,trans­
8 
and a still unexpectedly high 37% of trans,trans-1.6-diphenylhexa-1,5­
diene,as the kinetically controlled products. Evidently both the 
four-centered and the six-centered transitions states, shown as VIIb 
and VIIIb, respectively, in Fig. 
# 
4, were used. The faUure of this 
rearrangement to parallel that observed by Doering was attributed to 
an unfavorable steric interaction accompa~ng the formation of a 
cis double bonq in the ciS:. trans isomer. which could arise only through 
, 
I, 
the four-c~nte~~d transition state (VIIb in Fig. 4). This interaction 
}' 
prevented coplaqarity of contiguous phenyl and allyl groups. thereby 
~l~ 
prohibiting their energetically favorable electronic interaction during 
reaction. In ~ontrastt the six-centered transition state (VIIIb in 
, :. 
Fig. 4) although lacking the fundamental electronic advantages of the 
four-centered, ~ermitted coplanarity of the aryl and allyl groups. 
The energetic ba.1.ance thus obtained between both transition states is 
such that rearrangement may take place with nearly equal. facUity 
through either. (The two transition states differ only by about 0.4 
kcaJ./mole at 1200 based upon relative rearrangement rates.) Edention 
of the investigation to include the rearrangement of 9:1,-3.4-diphenyl. 
hexa-1,5-diene revealed that the latter underwent isomerization ex­
clusively to trans,trans-1,6-diphenylhexa-1.5-diene through a four­
centered transition state. The absence of the cis,cis isomer predicted 
to be a product on the basis of Doering's work was attributed to un­
favorable steric effects in the four.centered transition state re. 
quired for its formation. 
As the conclusion to the work. kinetics investigations of the, 
rearrangements of both !!!!!2,- and 9l-3.4-diphenylhexa-1.5-diene were 
.................
--------------~~ 
9 
undertaken to determine activation parameters for the rearrangements. 
Owing to the Simplicity of the dl's rearrangement, its kinetics were 
investigated first and are reported in the next section. The principal 
objective of these kinetics studies was to evaluate and compare acti­
vation parameters for the ~-dienels dual reaction pathways. However 
problems of product instability at 'the concentrations used and attempts 
to 'solve them precluded study of the more interesting ~-diene. 
During the course of p~ification by chromatography on alumina 
of a sample of the dl-diene for subsequent use in kinetics work, it was 
observed that the dl had undergone rearrangement in a manner paralleling 
the ,therma~ isomerization. A simUar rearrangement of the ~-diene 
was also discovered. These appear to be the first reported examples 
of alumina-catalyzed Cope rearrangements. 
Discussions of the alumina-catalyzed isome~izations as well as 
improvements in the synthesis of starting materials are presented 1n the 
next section. 
DISCUSSION 
I. PREPARATION 
# 
OF STARTINJ MATERIALS 
~- and E!-3,4-Diphenylhexa.1.5-diene were prepared via the 
general synthetic route employed by Lutz (14), as outlined for the meso 
isomer below (FiC. 6)•. Tho method of preparation of the starting
_...--. -.. ,,~ ~ . ~.. ~ . ~ .. .-. - ..... .... ~ ~ 
I. 
Figtita -6. Synthet.ic sequence -employod -in pl'epuing ~-_ and _.. 
dl-3.4:diphenylhexa-1.Sdiene as illustrated for the meso isomer. 
dimethyl' me~o- and £l.- p,'1-diphenyladipates by reductive coupling of' 
methyl trans-cinnamate over aluminum-amalgam in moist ether proved 
largely unsatistactor,y for several reasons: Its nearly uncontrolable 
exothermicity. and the modest yie~ds of coupling pr.oducts obtained 
(30~) together with the inherent separation problems, were foremost 
among them. Alternative coupling reactions, effected either electroly­
tically or with potassium-amalga'lll (15) offer th~ advantage of being 
less exothermic and should be explored if the synthesis is to be re­
peated. The yields obtainable are not much gr~ter, however, than 
those trom the coupling over aluminum. 
11 
Nucleophilic bromination of the intermediate tosylates also gave 
low yields due presumably to the presence of excessive amounts of 
moisture. However, solvent acetone and lithium bromide when used under 
increasingly more nearly anhydrous conditions resulted in steadily 
declining conversion. The use (out of pure curiosity) of undried 
acetone and lithium bromide handled without special precautions to 
exclude moisture, accelerated the reaction and boosted y~elds past the 
approimately 80% values obtained by Lutz (14) to 95-99~. Apparently 
some moisture is necessary to allow the reaction to proceed rapidly 
to near completion. 
Elimination of the ~-bromide with large excesses of potassium 
tert-butoxide in a 1:1 (vol) dimethyl sulfoxide-~-butyl alcohol 
solvent gave a substantial proportion of ether as a side product from 
the competing S~ substitution reaction, together with other products 
(based upon the poor recovery from dry-colUMn-chromatographic purifi­
cation of the crude dienes). Similar behavior was noted for the dl­
bromide. In an attempt to lessen the amounts of ether formed, dimethyl 
sulfoxide alone was employed as solvent for the elimination. An 
increase in the ratio of elimination to substitution was indeed observed. 
However the,ease with which previously unobserved side products formed 
under the newly devised elimination conditions made this alternative 
procedure appear less promising than had been originally anticipated. 
The preparation of the ~-diene was especially troublesome in this 
respect. One attempted elimination of the ~-bromide yielded re­
arrangement products exclusively (see experimental section). An NMR 
I 
12 
spectrum of the oily crude product is provided in Fig. 14 in the 
experimental section. No attempt was made to further establish the 
composition of the rearrangement product. Based upon the observed 
. . . 
splitting patterns and chemical shifts the product may be formulated 

as a ).4-diphenylhexa-2.4-diene. The proton ratios, however, are not 

in agreement with those deduced for the 2,4-hexadiene. It was noted 

also, on the basis of extents of conversion, that the elimination of 

the meso-bromide proceeded at a rate estimated to be approximately 

- , 
10 to 40 times that observed fo~ its dl counterpart under comparable 
conditions. Differing conformational preferences of the starting 
materials may account for this observation. However owing to experi­
mental problems the exact correspondence 'of reaction conditions could 
not be guaranteed; consequently the variation in rates may be largely 
a~ifaotual.. A method of effecting elimination at the expense of 
substitution employing tosylates as substrates and tetra-n-butyl­
ammonium oxalate as the eliminating reagent was described re~ently by 
Corey and Terashima (16). Due to the mild 'conditions used and the 
absence of any substitution products, this preceedure recommends itself 
highly as an alternative to ,either of the alkoxide-promoted eliminations 
described above. 
II. KINETICS OF THE THERMAL COPE REARRANGEMENl' 

OF ~-),4-DIPHENYLHEXA-1,5-DIENE 

The kinetics of the thermal rearrangement of ~-3,4-diphenyl­
, hexa-1 ,5-diene were carried out at 90, 100. and 1100 • Runs in tri­
plicate were carried out at each temperature, 'In a typical run 
13 
14 Pyrex ampules., filled with aliquots of a~ approximately .5 X 10-.5 M 
solution of ~-diene in E.-heptane and sealed under vacuum, were placed 
in a' stirred oil bath whose temperature was constant to ! 0.01 0 • 
Ampules were periodically~ith~awn from th~ bath. quenched by cooling 
in a chloroform bath at 200 by UV at' 2.56 nm. Values of -In (c/c ).o
Where, c/co is the fraction of 'Slwdiene remaining after any period of 
reaction, vere calculated from the expression shown below (Appendix B) 
-In {co -[(A - 674.4 co)/3. 5,1~,on+' In co. 
. ',~ 
A plot of -In (C/ c ) versus time'was constructed and the slope deter­
o 
mined as that for a first order reaction by means of an unweighted 
least~squares analysis. The data covered extents of reaction from 
o to 98%. Beyond 8.5% (three half-lives) the graphed data became in­
creasinglyerratic. Control experiments employing trans,trans-1.6­
diphenylhexa-1,.5-diene revealed that product instability was respons­
ible for the behavior. Several corrective methods were investigated,, 
in attempts to eliminate or reduce decomposition of the product 

trans t trans-1.6-diphenylhexa-1,.5-diene. Included among these methods 

were the admixture of free-radical inhibitors (diphenylamine, 

N-phenYI..~ .. naphthylamine, and di-E.-butylammonium picrate), acids 

(acetic), or bases (di-n.-butylam1~e) with the trans,trans solutions, 

heating of the ampules in a gas name while evacuated and preliminary 

cleansing of the ampules with hot, aqueous 'hy~ochlQric aCid, ammonia, 

or sodium hydroxide solutions, or with E.-heptane. None of the measures 

examined produced. both satisfactory control of decomposition (l.st. 

restricted. it to less than 0.5~) and reproducable results (Fig. 7).

1 
In addition, kinetics runs carried out at 1000 using dl solutions which 
14 
were 5 x 10-7 Min N-phenyl-~naphthYlamine gav~ rate constants i.•. 
dentical within experimental error to those ~btained from runs utiliz­
ing untreated samples. The use of inhibitor concentrations high enough 
to Significantly retard decomposition (about 10:-5 Mor greater) was 
found to be incompatable with the analytical method employed due to the 
greatly increased absorption at 256 nm. This made analysis of mixtures 
containing trans,trans-diene in amounts greater than about 3 X 10.5 M 
impossible. 
In view of these results the simple expedient' of rinsing ampules 
with heptane, which proved as effective in moderating decomposition 
as any other technique examined, was utilized in the kinetics runs. 
It should be emphasized, however, that no satisfactory method for 
limiting the trans,trans decomposition was found. 
There exist nevertheless several promising alternative techniques, 
some r~cently reported, which bear investigation. Included are the 
poisoning of catalytic glass surfaces by heating in contact with oxygen 
in'a gas-oxygen flame (17); preconditioning of the ampules b,y prolonged 
contact with this rearrangement products prior to introduction of a 
kinetics sample and the use of other ~lasses (e.g., lead-potash) in the 
fabrication of sample containers' (18). 
It should be pointed out here that decomposition of the re­
arrangement product was not a surface catalyzed reaction, as was shown 
by analYSis of kinetics data obtained using ampules whose surface-to­
volume ratio had been increased eight.fold. The development of a 
satisfactory solution to the decompOSition problem is'a prerequisite to 
investigation of the ~-dienels rearrangement kinetics, since 
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decomposition would be expected to become more severe at the higher 
temperatures required (140.1600 ). In view of the observed product dti­
compos~tion it was felt desirable to calculate a second set of rate con-
I 
stants using only the first ten'data points corresponding to 70-90~ re. 
action from eaCh run: beyond these limits deviation of the kinetics 
I 
plots from linearity became pronounced. Graphical representations of 
typical kinetics data are shown in Fig. 8. A summary of the ~ate con"li ' 
stants obraine4. is shown in Table I. Crude kinetics data are collected 
in Appendix A • 
.Activation enthalpies were calculated from the slopes of plots 
of .In (kiT) versus 1IT where k is the specific reaction rate constant 
at the absolut~ temperature T (19). Both sets of rate constants were 
employed (Figs. '9,10). Slopes were evaluated through the least squares 
program utilized for determining the. rate constants: enthalpies of act. 
ivation were taken as the product of these values and the gab constant. 
Entropies of activation were calculated at 90, 100, and 1100 from the 
expression .6S*= ll.~/T + Rln (kh/J..T) where AS* and AIf are the entropy 
and enthalpy of activation respectively, T is the absolute temperature, 
R is the gas constant, k is the rate constant at temperature T and h 
and ~ara the constants of Planck and Boltzmann, respectively (19). 
The enth~lp1oa of activation are found to be 23-9 and 23.8 kcallmole, 
as calculated from rate constants whose values had been determined using 
all experimental data points, .and only the first 10 points, respective­
ly- 1he corresponding activation entropy values at 1000 are .12.6 and 
-12.9 8U. respectively. These values are summarized in Table II alo;n.g 
, I 
with several others representing different Cope rearrangef.IGnts. It may
, 
.\ 
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Figure 7. Representative plots of absorbance -uersuo tae' U.lus­
trating decompositi~n of trans.trans-1t6-diphenylhexa-1,S~1en~ 
solutions heated· in different ·environments. Data are takQu.from 
run 4 at 900 as described in the experimental section. 
o Ampules rinsed with cone BCl then H20. . \ 

C Ampules rinsed with 6 M aqueous NaOH. 

A Ampules heated while evacuated until fiare-01'1' observed. 

XAmpules rinsed with heptane. '. 

+ Di-n-butJTlannnon1um pierate added (1 ~ 'iI/V 01' trans. trans present ) • 

:; Hydroquinone added (1 ~ w/w)•. " 

OAcetic acid added (1~ w/w). 

IlilD1-n.-butylamine added (1~ w/w) •. 
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q 
be seen that both the entropies and enthalpies of activation for the 
thermal rearrangement of dl-3.4-diphenylhexa-1,5-diene lie within the 
expected ranges: this rearrangement is, therefore, in all respects 4 
normal Cope. The stabilizing effects of the aromatic groups upon the 
transition state is apparent from the moderate enthalpy of activation 
observed. which is only approximately two-thirds that for the re­
arrangement of hexa-1,5-d1ene itself ~.~., 1,1-dideuteriohexa-1,5­
die~e)~ . __.. 
4.00 
,po 
120 
2.80 
2Q.0 
-lneG/c
2!)O 
1.60 
1.2.0 
0.80 
0&0 
000 
·Figure 8. Representative first-order kinetics plots for the 
thermal Cope rearrangement of dl-3,4-d1phenylhexa.1.5-diene0) 0 0-"7" )at 90 (4,100 (b), and 110 {c. 
I • 
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TABLE I 
SUMMARY OF RATE CONSTANTS 
FOR REARRANGEMENT OF 
9l-3.4-DIPHENYL­
HEXA-1.5-DIENE, 
'RUll number 4 -1Rate constant~ 10 , sec Temp. °c 
0.544 90.02 (0.5.54) 
2 0.531 90.03 (0.546) 
0.534 89.90 
(0.551) 
1 1.31 100.01 
(1.36 , 
1.32D ,100.02 
(1.)8) 
1.36 100.02 
(1.36) 
4 1.37c 100.02 
(1.36) 
5 1.36 100.02 (1.38) 
1 3.26 109.90 
(3.31 ) 
2 3.10 109.90 
(3.21 ) 
(3.15)d 109.89 
aRate constants calculated using only the first ten experimental
points: (averaging 85% conversion) are shown within parentheses. The 
remainder were calculated from data collected up to 98% conversion. 
, ' bSamples contained approximately 5 X 1 0-8 M N-phenyl~-naphthYl­
amine. 
cSamples contained 5 X 10-7 MN-phenyl~...naphthylamine.
d .
Surface-to-volume ratio increased 8-fold. 
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15.2 
15·0 
14.8 -I 
11t.6 
14.4 
14.0 
13.8 
2.63 2.6,5 2.67 2..69 2.71 2.7:3 2.75 2·77 
lIT X 10~ deg-1 
·2.61 
..' ~ 
Figure 2f Arrhenius plot of ..In (kIT) versus 1/T employing 
rate con?tants calculated from data collected up to 98% 
reaction. 
.'''''''''­
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15.8­
15­
2111 
. 15.0 
·-:''In(kjT),~.~** 
1 4 _8 itF.ffi:l:t 
14.6 
14.4 
14.2 
Figure 10. Arrhenius plot of -In (kiT) versus 1/T employing 
rate constants calculated from data collected up to 85% . 
reaction. 
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TABLE II 
SUMMARY OF ACTIVATION PARAMEl'ERS 

FOR REARRANGEMENT. OF Ql.-DIENE 

AND RELATED REACTIONS 

Compound * * 
rearranged 6H. kcal/mole AS. au 
Diethyl allyl.. 28.4 20 
isopropenyl­
malonate 
Bullvalene 
-
21 
trans.trans.28. . 2.5 
-
22 
trans-BicyclotS.4.0]­
tetradecadiene 
1-Hexene-.5-yne-4-01 -14 23 
1.1-Dideuteriohexa -13.8 17 
1 • .5-diene 
~-3,4-Dimethyl­ 33.1 . -11.2 24j 
hexa-1 • .5-diene 
IIdl-3.4-Dimethyl­
hexa-1 • .5-diene 
c 
" II 3.5.3 -10.1 II" 
ddl-3.4-Diphenyl­ 23.8 -12.9 this work 
hex.a-1 • S-diane 
n II II 
-12.6 \I n 
aOnly the Arrhenius activation energy was reported. 
b 
For rearrangement to trans,trans-octa-2,6-diene. 
c 
For rearrangement to cis.cis-octa-2,6-diene 
d 
Evaluated from rate constants which had been determined from 
data collected up to 8.5% reaction. 
e 
Evaluated from rate constants which had been determined from 
data collected up to 98% reaction. 
·r 
III. ALUMINA.-CATALYZED REARRANGE!t!ENl' 
Comparatively few examples of catalyzed Cope and Claison re­
arrangements are known. Most illvolve the use or transition-metal 
complexes as the catalytio agents. For example c1s,trans.1" ... 
'oyclodecadiene (XIV) was isomerized essentially quantitatively in 6-7 
days at room temperature to .2i!.-divinylcyclohexane (xv) by means of 
~-benzonitrile-palladium(II) chloride or sodium chloroplatinite in 
benzene (25). In addition Heimbach and Brenner (26) observed a 
6-7 day6 
to 
[ (¢eN) z.pd] Cl 2­ cc 
room tel1\p "Xi: 
_.._ .J . .­
catalyzed Cope rearrangement during preparation of £!!-1,2-divinyl­
cyclobutane by dilnerization of liquid butadiene with a 1:1 mixture of 
~-(transttrans-cycloocta.1.5-diene) nickel and tris.(2-biphenyl) 
phosphite. Under the reaction condition employed the desired product 
was found to vndergo isomerization to cycloocta-1,5-diene,'the same 
compound generated by its purely ~he~mal rearrangeme~t. 
A somewhat simUar reaction, the Claisen rearrangement of 2­
allyloxypyridine (XVI) to 1-allyl-2-pyridone (XVII). was brought about 
, '. 
.' 
(f , 
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with aid of 1~ of chloroplatinic acid (H PtCl6), sodium chloroplati­2
ni:~ (Na ptCl ) boron trifluoride-etherate (BF ·O(C H )Z) or stannic2 4 3 z S
chloride (27). Decreased conversions were obtained by use of palladium­
or-carbon (SS~), and aluminum chioride, nickel(II) chloride, platinum 
black or aluminQ. each of which gave less than 15~ conversion. The 
failure of the latter substances to behave as effective catalysts was 
attributed in part to their low solubility in the reaction medium. 
Subsequent investigations revealed that the only products obtained from 
boron trifluoride-etherate-catalyzed isomerizations were those charac­
teristic of the abnormal Claisen rearrangement. 
In the course of this study it was observed that a sample of 
contaminated ~3,4-diphenylhexa-1,S-dienet when chromatographed on 
very active neutral alumina. (Woelllbgr,ade super· I), rearranged to trans­
trans~1t6-diphenylhexa-1,S-diene. Previous chromatographic purifica­
tions carried out on alumina of somewhat lower activity (~.Woelm 
grade I). including acid-washed alumina, failed to give rearrangement. 
Needless' to say these results were not only unusual but also completely 
unexpected and were assumed initially to be artifactual. However 
further investigation revealed that rearrangement did in fact occur, 
and was not the result of impurities in the diene. The rearrangement, 
when carried out using a 100:1 ratio of alumina to diene, gave an appro­
Ximately SO% conversion to trans,trans isomer (the only product observed) 
after a Z-hr period. Attempts to effect a similar rearrangement of 
meso-3.4-diphenylhexa-1,S-diene wore also successful. Chromatography 
of the,'~-diene on very active alumina. using a 100:1 ratio of adsor­
l 
bent to olefin gave, after 70 hr, a '1S~ conversion. The rearrangement 
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product consisted of cis,trans and trans,trans-1,6-diphenylhexa-1,5­
diene in the ratio of 9:1 based upon glpc analysis. The latter was 
complicated by the thermal rearrangement of residual ~-diene on the 
glpc column during analysis. (cOmpare Fig. 15-17 in the experimental 
section.) However, moderately reliable corrections were made for its 
contri~utions to the total amounts of cis,trans and trans,trans isomers 
present. It is apparent from the observed product distributions that 
both of these alumina-catalyzed rearrangements parallel the thermally
I 
induced reactions. The absence of large amounts of side products 
predicted to result from radical or ionic reactions (~.trans-1,4-
I' 
diphenylhexa-1,5-diene) may indicate that dissociation to these in­
termediates doe~ not oocur to a significant degree. These reactions are 
clear~y deserving ot additional investigation. 
I • 
EXPERDiENTAL 
Instrumentation and Auparatus. Infrared analyses were carried out 
on either Perkin-Elmer Model 13~ 11 Infracord.. or Perkin-Elmer Model 467 
spectrophotometers. 
,NMR spectra were aquired with the aid of a Varian Associates A-60 
(60 NHz) analytical nmr spectrometer. Tetramethylsilane was used as an 
inte~al standard. 
Ultraviolet measurements were made on a Q~' 14 recording spectro­
photometer (manufactured by .Cary' Instruments) with a limit of accuracy 
.,.. : . +
of .:.0.002 absorbance units in the O~1 absorbance range and -0.00.5 units 
near an absorbance of 2. Samples and reference solvents were contained 
within a matched pair of 1-= quartz cuvettes. A specially designed 
wash-bottle, shown below in Fig.' H. 'Was·.constructed to facilitate! . 
rapid, effective cleaning of the cuvettes. Approximately 10 openings. 
each less tha 0 • .5 rom in diameter, were cut into the closed end of the 
siphon sidearlll by means of a small IIsand-blastingll unit, providing the 
apparatus with a spray head capable of directing fine t forceful streams 
of solvent onto all of the cuvette"s interior surfaces while at the 
same time minimizing solvent consumption. The U.shaped trap desig.. 
nated At. in the figure was constructed such that solvent would neither 
Siphon into the reservoir when the latter was nearly empty nor drain 
througs the spray head when the reservoir was filled to the level of 
the gas inlet. A cuvette was cleaned by' placing' it over the spray 
head, applying a slight gas pressure (ca 2 psig) to the solvent in the 
reservoir by means of the side-a£t'n1 and slowly raising and lowering the 
cuvett~ to 3ssure uniform distribution of solvent over its inner walls. 
Arter J-.5 seconds the cuvette was drained by tapping gently on absorbent, 
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lint-free paper and dried b¥ ~Qans of a jet or nitrogen or compressed 
air. 
Gas-liquiq-partition chromatographic (glpc) analyses of ~- and 
~-)~4-diphenylhaxa-1,5-dienes and their rearra~ement products were 
carried out with a Hewlett-Packard MOdel 5750B Research Chromatograph 
equipped with dual flame-ionization detectors and a disc integrator. 
\I • 
Seperations were effected upon 1/8 x 8 stainless steel columns packed 
with 5% XE-60 cyanosilicone gum rubber on 80~100 mesh acid-washed silan­
ized Chromasorb W. Compositions of chromatographiC samples were cal­
culated from relative peak areas. 
/ 
A 
C 119/Z2 er1enmeyGr ' 
solvent reservo\r 
Figure 11. Cuvette 'wash-bottle • 
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Melting points were determined with a Thomas-Hoover capillary 
melting point apparatus of the stirred-fluid-bath type (manufactured 
by Arthur H. Thomas Co.) All melting points are uncorrected• 
. 
A rotary evaporator operating at water aspirator vacuum was ~.' 
employed to evaporate solvents. 
Moisture-sensitive reagents, such as potassium tert-butoxide and 
. ­
dimethyl sulfoxide were manipulated under an anhydrous nitrogen at­
mosphere either in a glove bag or glove box. The former apparatus is 
available from Instrum~nts for Research and Industry, the latter from 
Labconco Corp. 
Solvents. DMSO (Dimethyl Sulfoxide, Mallinckrodt analytical 
reagent grade) was purified by vacuum fractionation at 20-:30 Ill1ll 0:2 ) 
from either cnlcium hydride (1 :100 w/w) and calcined (at 4000 for 2 hr) 
Linde 1:3X mol~cular sieves (1 :10 w/w), or from sodium hydride (1 :1CO "l-: ••;. 
w/w,. from a 50% oil disperSion freed of mulling oil by repeated washing 
with pentane followed by drying in vacuo). Although the latter method 
is more rapid and, generally, less troublesome it suffers from one 
part~cular disadvantage in that the sodium hydride-DMSO mixture is 
potentially explosive. The distillation employed a 2cm X 70cm vacuum-
jacketed silvered column packed with .050 " X .100 " X .100 " MOnel metal 
helices (by Podbielniak). A substantial amount of m1S0 (up to :30%) 
was distilled as an often discolored fore-run. Approximately 70-80% 
of the remainder was collected as pure material (bp range less than 
O.SO). The receivers, in which the distillate was stored until use, 
were detaehed from the still (under positive tank-nitrogen pressure) 
and sealed quickly with silicone-greased glass stoppers to prevent 
absorption of atmospheric moisture. 
n-Heptane (Mallinckrodt SpectrAR spectrophetometric grade) was 
used in all but the column chromatographic experiments for ~lich 
Mallinckrodt Analytical Reagent 'grade heptane was satisfactory. The 
former was recovered by fractionation through the column describod .... 
above. 
Unless otherwi~e specified. solvents other than these mentioned 
'.
aboye 'VIere of reagent quality and were used without further purifica-
Synthesis of Starting Materials 
Dimethyl ~- and 9;h-~,')'-Diphenyladipates. The method of synthe­
sis was essentially that employed by Oornmen and Vogel (28), as modified 
by Lutz (14). Methyl trans-cinnamate (151 g, 0.93 mole, vacuum frac- " 
tionatad through a 12 II Vigreux column) was reductive!y coupled in moist 
ether over aluminum-amalgam prepared from 253 g (9.4 moles) of aluminum. 
The nearly uncontrollably exothermic reaction yielded 25.0 g of ~­
ester and 38.0 g of impure 9;h-ester which was subsequently reduced. 
The total yield of adipates was 63.0 g (41~). 
It should be noted that even modest s~paration of the ~- and 
dl-3,4-diphenylhexane-1,6-diols obtained by hydride reduction of the 
impure dl-ester mentioned above waS'.·.effected· onlY .with :dif.ficulty:. ;-Con­
sequently it is imperative that the reduction be carried out usi~ 
pure starting materials. 
9;h-3,4-Diphenylhexane-1,6-diol. Lithium aluminum hydride (7.0 g. 
0.185 mole) was added in one portion",to anhydrous ether (340 ml) 
. " 
contained in a two-liter three-neck flask fitted }lith a nlagnetic stirrer, 
mercury pressure-relief valve and powder funnel. A mixture of dimethyl 
~- and dl-~,o-diphenYladipate5 (19.9 g, 0.0610 mole, mp 66_95°) was 
added to the stirred suspen~ion of hydride, (which boiled briefly as a 
result of the heat libera.ted), follOl'l'ed by 490 ml more anhydrous ether • 
. Finally 15.1 g (0.0463 mole) mOl~e of 2l-~-adipate mixture in 150 mJ. 
of anhydrous ether,.folloHed by an additional 300-ml portion of anhyd­
rous ether, were introduced. The flask Has then stoppered and the 
mixture stirred for 36 hr. . 
Water (809 ml) was a~ded cautiously to the stirred grey suspension 
until there was no ft~ther ~vidence of hydrogen evol~tion. A greyish 
precipitate slowly formed, from which the supernatant liquid wa.s de­
canted. After pressure filtration to remove suspended particulate 
matter the decantate "las stripped of solvent and the resulting residue 
dried on full oil-pump vacuum to yield 14.5 g of a gum. The grey pre­
cipitate was \orashed with two portions of chloroform (500 rol, 200 ml) 
and filtered through first a coarse and then a fine sintered glass 
funnel to remove last traces o~ ~olid. The filtrate was concentrated 
at reduced pre~sure to 6.75 g of a gum. Addition of more water to the 
grey inorganic residue resul~ed in liberation..of heat and ~he formation 
of'a viscous yellow gel which was triturated with chloroform and di­
chloromethane. The supernatants were separated by suction filtration. 
After separation from the aqueous phase the organic layer was concent­
rated and dried at oil-pump vacuum, to give a further 2.67 g of ~ummy 
residue. Fin.-~lly the mixture of alumtnum salts was dissolved in 
aqueous sulfuric acid (200 mi water-'+"50 inl 6N sulfuric acid) and 
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extracted with chloroform (3 X 65 ml). Evaporation under vacuum of the 
dried (HgS04) extracts yielded 2.23 g more gum. 
The viscous 'mixtures of ~- and 2l-3t4-diphenylhexane-1,6-diols, 
totaling 26.1 g, were combined and fractionally crystallized with dif­
ficulty from benzene (75 ml) to give 6.63 g of impure dl-diol, mp 
99-1280 • The filtrate from the first crop was diluted to 200 ml with 
benzene, ~eeded with ~-diol, and placed in a cold room at 60 to,cry­
stallize. After 36 hours a second crop of 2l-alcohol (4.56 g, !'lP­
100-1300 ) l1as collected by ,suction filtration. A third crop of the dl­
alcohol (1.61 g, rllp 98-132~) was obtained by concentrating the fil­
trate from the second crop to 125 rol, seeding l1ith £i-alcohol at am­
bient t~lperature. and chilling at' 6° for 13 hours. Attempts to 
further ~seI?arate the residue from the third dl crop into its constitu­
ents by fractional crystallization of either £i-diol (from benzene) or 
~-alcohol (from benzene or tetrahydrofuran) failed. Resolution by 
chromatography over vloelm Super I neutral alumina also proved unsuccess­
ful. 
The three crops of impure ?l-alcohol were combined with 1.62 g of ' 
material from; previous reduction (14.4'g total) and reorystallized 
first from benzene and then from ethanol ...l'V'ater (2:1 v/v) to 
, 
give
' 
4.02 g 
of'~-diol, mp 99-107°. Evaporation to ,dryness in vacuum of the 
ethanolic filtrate gave 5.25 g of material which when recrystallized 
again from benzene yielded another crop of ~-alcohol ,(3.82 g, mp . , 
99-102°). The 4.02 g El-diol crop: was r~crystallized from benz.ene and 
from 2:1 v/v ethanol-water to give 2.39 g of dl-alcohol with greatly 
,. ..... 0 
broadened melting range (rop 98.5-140 ). ~ portion of this crop was to 
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have been e1;amined by IR to determine, if possible, the cause for the 
enlarged melting range. During preparatioll of the IR sample in chloro.. 
form it was noted that a precipitate formed, lo1hich 'I-;as -subsequently 
identified by, melting point as ~-diol (mp 1705-176°, lit. for ~ 
178.5-179° (14). This observation was put to practical use in the 
purification of the remaining impure dl-diol from the 2.39 g crop. The 
latter was triturated i-lith chloroform, filtered. and tho :fJiltrate 
evaporated in vacuum to yield 1.97 g of dl-alcohol, mp '99.7...102.5°, 
(lit. mp 99-100° (14), 103.6..104.7° (29). This crop was combined with 
another (3~82 g mp 99-102° from benzene as described above) and used in 
the tosylation reaction vlhich fol10,\,7s. 
d).-3,4..Diphenylhexamethylene 2- Toluenesulfonate. The ester was 
~-.~------~------------~----------------
prepared by the method of Lutz (14) from ~..diol (5.79 g, mp 99-102°) 
and :E,-toluenesulfonyl chloride (11.0 g, mp 66•.69°, lit. 67.5-69° (14), 
recrystallized from carbon tetrachloride). The crude tosylate (10.3 g, 
mp 93.5-105°) was recrystallized from carbon tetrachloride; filtration 
and washing were carried out at _25°. The final yield of ester was 
7.82 g (63%), mp 97-99° (lit., 99.5-101.5° (14.). 
~-1 ,6-'Dibrolno-3,4...diphenylhexane. Lithium bromide (7.32 g, 
0.0843 mole) was rapidly weighed up in a stoppered 250-ml ~ound-bottom 
flask fitted with a magnetic stirrer. ~-3,4-Diphenylhoxamethylene 
p~toluenes~fonate (12.1 g 0.0209 mole) was rapidly intrcduced and the 
flask sealed with a serum cap. Reagent acetone (75 ml) was injected 
into the mixture of halide and est'er. A reflux condenser with drying 
tube was attached to the reaction flask, and the contents were stirred 
magnetically and refluxed 12 h;~-' (A ~horter rea~tion period might have 
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given ,comparaQle conversion.) After cooling to room temperature, sol-' 
vent wes carefully removed at aspirato~ vacuum and the residue dried, 
with the aid of a warm "Tater bath, at full oU--pump vacuum for 2.5 hr. 
The residue 1-TaS triturated with 200 ml of water. t.he resulting slurry 
suctiop. filtered, and the c~de ~~1t6_dibromo-3t4-diphenylhexane 
washed ,~ith six 10-lT'~ portions of wator. The air-dried product (7.72 gt 
mp 144.5-1450 , lit. 144_144.50 (14) represented a 94% yield. 
This synthetic procedm'e 'Has included as it represented an im­
provement in the preparation of the ~-bromide as described by Lutz 
(14). Apparently moisture 'is necessary for the bromination reaction 
to proceed to completion. 
~-1,6-Dibromo"3,4-diphenJrlhexane. dl-3,4.Diphenylhexamethylene 
~-toluenesulfonate (15.2 g, 0.0262 mole) and lithium bromide (0.15 g, 
0.1 ~5 w.ole) were vTeighed up in a stoppered 250-ml rou."1.d,,:,bottom flask 
fitted i>1ith a magnetic stirring bar. Reagent acetone (92 ml) was in­
jected into the reaction flask through a serum cap. A reflux condenser 
with drying tube vTaS attached to the flask, and the contents stirred 
magnetically. Within 10 min. the mixture became homogeneous, and was 
.' 
then gently renuxed for 2 hr. Solvent was carefully (to prevent 
bumping) 'evaporated at aspirator vacuum, and t~e residue dried at full 
oii-pump vacuum 1 hr. The dried residue was triturated with water 
(140 ml) a~d the resulting slurry suction filtered. The crude'dl­
bromide was then washed with four 30-ml portions of water, aspirated 
as dryas possible, and finally d~ted over phosphorous'pentoxide 36 hr 
to give 10.4 g (99%) of halide, mp 62.5.63.00 (lit. 62...63.50 (14). 
"_It -; • 
.. ' 
, , , .' 
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~-3,4-Diphenylhexa-1,5-diene. (Run 1) A solution of potassium 
.. . 
~-butoxide was prepared by dissolving, with the aid of magnetic 
stirring, 408 mg of the base in DNSO (5.9 ntl), and pressure filtering 
(N2) the mixture to remove insoluble matter. The filtrate was colleot­
ed in a 1 0-11"~ flask '''hich 'VIas subsequently fitted "1ith a serum cap to 
exclude moisture. A 1-11"~ aliquot was removed by syringe, diluted with 
deionized \orator (20 ml) and titrated with standardized 0.1 N hydroch-
Iorio acid to an alizarin end-point. The calculated concentration of 
. 
the base solution was 0.220 N. A halide solution was prepared by mag­
netically stirring togethe~, for 0.5 hr, ~-1,6-dibrom~-3,4-diphenyl­
hexane (120 mg, 0.303 mmole~ and 9.6 m1 of DHSO, to which 2.80 m1 of 
0.220 n potassium ~-butoxide in ~~O was added continuously over a 
period of 90 .. sec. After an additional .50 sec. the solution was poured 
9ver 60 g of ioe in a separat~ry funnel, swirled briefly, and neutra­
. . 
lized to a phenolphthalein end-point with 18% hydrochloric acid. The 
cold rui:t:turo vIas shaken three minutes (shaking appaare<il to pronrotb 
formation of a crystalline product) let warm 'till the ice melted and 
suction filtered. The crude ~-3,4-diphenylhexa-1,5-diene was was~ed 
with cold vTete; (five 10-20-ml portions), dried by aspiration and then 
at full oil-pump vacuum for 0 • .5 hr. The orude diene had mp 6.5-83.5°. 
" . . ~ 
The presenoe of small amounts of ether and another side product (possib­
ly a rearral".ged olefin), together 'with unreaoted ~-bromide, was in­
dioatEld by IR and NMR. Crude yield, (72 mg; theo!'etical yield - 71 mg) 
~Run 2) A standard solutiorl, of potassium ~-b\ltoxide 1-laS pre­
pared by sh~king together 8 • .50 g (0.076 mole) of the base and 140 m1 of 
DMSO, and pressUl'e filtering (N2j"the'mixtUl'e to separate insoluble 
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matter. A 118ml portion of this solution (0.162 N, standardized as 
described. above) was injected continuously over a 2<J. min period into a 
solution of 4.96 g' (0.0125 mole) of ~-1,6-dibromo-3,4pdiphenylhexane 
in 400 11'.1 of DMSO. After an additional 1Q: min period the solution was 
poured over 1 kg of ice and t-To);'ked up as described above to give 1.71 g 
of crude ~~diene, mp 67-800 • An additional 1.43 g of diene, obtained 
from chloroform extracts of the aqueous DMSO filtrate, was chromato­
graphed over 150 f of \~oelm grade I bASic alumina. Elution with hexane 
gave 57? mg of meso-diene, mp 55-740 , which was combined l-nth that
- . 
aquired by filtration and r~crystallized from ethanol (95%). Two crops, 
1.27 g mp 82_850 , (lit. mp 8?_87° (14), and 0.53 g, mp 50-70°, were 
obtair.ed. The latter, found by IR to be rich in unreacted meso-bromide, 
was not further purified. Constmption of alkoxide by reaction with 
atmospheric moisture and carbon dioxide during the course of preparation 
and usa of the base solution may account for the absence of complete 
elimination observed here. This is reasonable since few (probably 
ineffective) precautions were taken to prevent absorption of moisture. 
(Neithor this reaction nor the o~e preceding it vTere carried out in an 
anhydrouS atmosphere.) 
Attempted preparation of ~-3flt..diphenylhexa-1 ,5-diane (accompa­
. . 
~ed by product rearrangement). ~-16-Dibromo-3,4-diphenylhexane 
(101 mg, 0.255 nunole) and potassium ~-butoxide (134 mg, 1.19 mmole) 
were combined rapidly in a nitrogen-filled 50-ml round~bottom flask 
equipped with a magnetic stirring'par and glass stopper. DMSO (5 ml) 
was rapidly introduced in one portion with stirring into the mixture 
of solid reactants, the stopper w~s-reattached to exclude moisture 
...................
------------~-
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" 
and stirring was continued. After 0.5 hr the reaction mixture was 
poured into 35 ml of cold (00 ) saturated aqueous sodium chloride 
solution, shaken briefly and neutralized to a phenolphthalein end-point· 
with 18% hydrochloric acid. Upon warming to room temperature a small 
amount of solid present melted. The mixture was then chilled in ice 
to cause the oil to resolidify, the crystalline deposits which formed 
were separated by decantation. and taken up in chloroform. Evaporation 
in vacuum of the chloroform solution gave 70 ~g of oil i~ich contained 
~ , 
no detectable (by m1R) amount of meso-diene. The material '\>las not 
, ­
further characterized. An'~ spectrum of the crude product is given in 
Figure 14. 
~ttempted ba;e-catalyzed isomerization of ~-3,4-diphenylhaxa-
1." 5..diene. Potassium tert-butoxide (0.371 g) ''las rapidly rreigheci. 
in a glass-stoppered 5-ml round-bottom flask equipped with a magnetic 
. 
stirring bar. Dried (molecular sieves) Dl1S0 (1.67'ml) was injected 
into the flask and the mixture was vigorously stirred for five minutes. 
giving a slightly turbid solution. tert-Butyl alcohol (1.67 ml) followed 
by meso-3.4-diphenylhexa-1.5-diene (102 v~, 0,435 mmole), were then 'in­
- . 
.' 
troduc~ci. Sti~ing was continued 0.5 hr, after which the turbid re­
action rnixture was poured over about 20 g of ice in a separatory funnel, 
. , ' 
shaken briefly and neutrnltzed to a phenolphthalein end-point with 18~ 
hydrochloric acid.. The mixture was extracted with tHO 2.ml. portions of 
dichlo~{'omatha~e which were 'combined, washed twice with water (200 
total), dried over, anhydrous magnesi~m slufate and evaporated to dryness 
in vacuum. IR and NMR spectra of.the residue revealed that presence of 
~-diene only, A slight depression 'of the melting point from 
, ...., 
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86.3-87.30 , ,fo'r the untreated ~...diene, to 79.5-83.50 was observed for 
the recovered meso. It was therefore concluded that no rearrangement 
had taken place. 
£lw3,4-Diphenylhexa-1,5-diene. PotassiQm ~-butoxide (1.61 g, 
80% by Height, 0.011.5 mole) was "fTeighed up into a 50-ml round-bottom 
flask fitted -rTith a magnetic stirring bar and a glass stopper. mlSO 
(38 '111.1) was introduced and the ml.xtura was stirred until the alkoxide 
dissolved (about 1 min) leaving a yellow-orange solution containing 
some undissolved solid. ~-1,6-Dibromou3,4-diphenylhexane (2.128, 5.3.5 
mmole) was introduced with'~tirring. The reaction vessel was stoppered 
with a silicone-greased glasp stopper and the mixture allowed to stir 
for .50 min. Thereafter the reaction mixture was poured into 120 ml of 
cold water, neutralized to a phenolphthalein end"point with 2% hydro­
chloric acid and extracted i-lith pentane (J X 90 ml). The pentane ex­
tracts were combined. washed with water (2 X 100 ml). dried over anhyd­
rous magnesium sulfate and evaporated in vacuum. The residue was treat­
ed with several portions of carbon tetrachloride which were evaporated 
by oil-pump'in order to remove residual D¥~O from the crude product. 
~ 
The oil e1.29 g) which was obtained was combined with another 
1.20 g of crude dl-diene from a similar elimination. A portion of the 
crude diene (2.13 g) was purified by dry-column chromatography (30) 
On 340 g of \voelm grade-III (dry..column grade) silica gel (containing 
0 • .5% inorganic fluorescent indicator). The column was developed with 
hexane, the progress of the separation being followed with short-wave 
UV light (the diene fluoresces dark blue). dl-Diene was leeched· from 
the second quarter-section of the cOIUmn'by successive triturations 
.. J. • " 
", 
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with dichlor.omethane follOl<Ted by pressure filtration. (l-10re than 98% . 
of the diene recovered loTaS obtained from the first three triturations. 
The remainder was acquired by extraction of the adsorbent with dich. 
loromethane j,n a Soxhlet extractor). The combined dichloromethane 
extracts we~e evaporated to dryness in vacuum to yield 1.05 g of ," 
9l....diene, mp 33-350 t \lrhich vTaS recrystallized twice from 95% ethanol 
(with filtration and washing'_being.carried out in a freezer at _130 ) 
to giYe 381' mg of 9:!-diena, mp 35.0-35.30 (lit. 35.1-35.40 (14). 
dl-Diene (169 mg, mp 28-3j~) 'from a small-scaie'd~-column c~romato-
graphic purification was combined with the filtrate £1'0111 the first 
recrystallization of the main sample, and a second crop (219 mg, 
mp 32.5-34.20 ) was collected. The combined crops represented a yield 
of 25~. 
Kinetj.cs of the thermal rearrangement of ?1-3,4-diphenylhexa-1,5-diene 
Constant temperature bath. A 15-1 Pyrex glass jar containing 
10 I of Lauda Ultra-Therm 330S bath fluid (catalogue number 27 57 030-5, 
distributed by Brinkmann Instruments) served as a constant temperature 
bath. The bath was equipped with a lightninl Model L stirrer (manufacM 
tured by Mixing Equipment Co. Inc., Rochester, N.Y., and marketed by 
Scientific Glass Apparatus Co.)and a Precision Scientific Co. electronic 
. . 
relay (catalogue nU!n.ber 62690) to which a mercury thermoregulator 
(Philadelphia }1icro Set differential..range type) was connected. 
Temperatu~es were determined. by means of two menury-in-glass 
thermometers reading from 75 to 1050 (in 0.1-degree units).and,from 
95-1550 (in 0.2-degree units). Both were standardized against a pair 
of thermometers calibrated by th; Bureau'of Standards (see Appendix A). 
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A Philadelphia differential thennometer lias employed to determine the ' 
reproduciblitY,of the bath's temperature over several runs as well as to 
monitor temperature fluctuations during the course of a single run. All 
five of the thermometers were obtained from Scientific Glass Apparatus 
Co. 
Sample preparation. Ampules having 16-cm X 4-mm neoks and 1.5-lT"JIl 
(od) X 3.5-mm bulbs were fabrioated from Pyrex glass tubing. Fourteen 
such ampules were normally employed in a kinetics run. Prior to lntro­
duction of a sample each ampule Has rinsed twice by being partially 
filled with heptane, shake~ briefly, drained and dried by evacuation 
using the apparatuses shown.(Fig. 12 and 13 respeotively). 
(Draining was acoomplished Simply by placing the ampule in the position 
shown and 'applying suction to the filter flask.) 
A solution of ca .5 X 10-.5 M dl-3,4-diphenylhexa-1 ,.5-diene in 
heptane was prepared by dissolving 114-117 mg (weighed to the nearest 
0.1 mg) of dl-diene in heptane, diluting to 100 ml, withdrawing a 1hml 
aliquot of this solution and diluting again to 100 rol. (Volumetric 
appar.r.t1 s used were calibrated \-1ith heptane.) Into each of the dried 
.' 
ampules, th~ough a capillary pipet which reached to the bottom of the 
sampl~ chamber, was placed a 2-3 ~l aliquot of the dilute dl-diene 
, r ' . 
solution. The ampules were then randomly attached to the evaouator 
shown in (Fig. 13) ohilled to _780 for at least five minutes a~d finally 
evacu~ted at oil-pump vacuum (to less than 0.6mm) for ,five minutes or ' 
more. Thereafter the ampules were., flame sealed (with the upper portions 
of the necks remaining attaohed to serve as handles) • 
....... -- .. 
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figl:ll'e 12. Appal'atus for draining ampules. 
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Figure 13. Apparatus fo!" evacuating ampules. 
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Exper~ments designed to test reproducability in concentrations ot 
samples prepared by the method given 2.bove were. carried out 'llsing a 
standard 5 X 10-5 'M solution of ~ransb~-1 .6-diphenylhexa-1,6. 
diphenylhexa-1.5-diene. It was found that although a decrease of 
from 0.5 mg to 4 mg in "ieight occured upon evacuation and sealing of an . 
ampule, no alteration of the sample's concentration could be observed, 
based upon a comparison of the sample's absorbance at 256 nm with that 
of a portion of the original standard solution. The ampules were then 
lveightd,i by wrapping strips of sheet lead around the bases of their 
necks and were lowered into the bath by means of a basket comprised cf 
two square lattices held in parallel horizontal planes spaced 2.5 em 
apart. Each lattice was constructed from 16 17-mm id brass rings 
which t!ad been silver-soldered together. Approximately 0.5 em beneath 
the lower lattice lfere attached four horizontal.ly-positioned brass rods,
. . 
each located directly beloH the line of centel~s of a 1'01'1 of brass rings. 
These rods prevented any ampules fronl falling through the basket. 
Thermal stability of ~rans!trans-1,6-diphenylhexa-1t5-diene. 
In this section are presented the results of several experiments whose 
.' 
purposes were to determine the extent of decomposition during a kinetics 
run of trans.trans-diene formed by the thermal rearrangement of dl"3,4­
diphenylhexa-1.5-diene, and provide some insight into measures which 
might be taken to inhibit, partially or entirely, the decomposition. 
Decreases in sample ab~orbances at 256 nm were detennined from nearly 
always erratic plots of absorbance 
\ 
versus time, and are 
. 
reported as per­
centages calculated from the ex~':.eS~ionr\niti.AiinalJ 100, where l l.nit 
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Ainit is th~ absorbance of an unheated control sample (either e~perimen­
tally ,lstermined or calculated from the concentration of the original 
stand".rc. solution) and At is tho absorbance of a sample heated 
fina.l
., 
for tilllC t. 
(Run 1 at 900 ) Tivo sets of five Pyl'ex glass ampules were -filled 
. . 
with heptane solutions of !=-rans,trans-1,6-diphenylhexa-1t5-dienet one 
havillf a concentration of 4.27 X 10-3 M and the other 4.27 X 10~? M. 
After filling the ampules 'Here chilled at _780 for at least 5 min, 
evacunted to ~. 0.6 rom by oil pump for 4.10 min and flame sealed. 
One al:,pule was ramdomly se~ected from each set and was set aside as a 
contr"l. The remaining eight ampules were lowered Simultaneously into 
a constant temperature bath maintained at 90.02:1:: 0.01 0 • Pairs of 
ampules \vere subsequently 1'lithdrawn from the bath at 12-hr intervals 
and q:lsnched. The contents were then analyzed by UV either directly 
or after one-hundred fold dilution, depending upon the initial trans, 
trans concentration. Decreases in absorbances of 2.5% and 6.6% were 
observed for the concentrated trans , trans solutions (after dilution) 
after peri~ds of heating of 12 and 47 hI' respectively. In corresponding 
perior~ of tim~ the absorbances of the dilute trans,trans solutions 
had declined 1.1% and 4;9% respectively. 
(Run 2 at 900 ) Eight ampules were rinsed twice with heptane, 
(as described in the section on kinetics) heated in an oven at 1400 for 
0.5 hr and further dried by passage of a 'stream of tal?k nitrogen vihile 
being heated 'VTith a hot-air gun .. ,,·Into the dried ampules were trans­
\ , 
ferred 3-wl aliquots of a 4.92 X 10-5 Msolution of trans2tran~-diene 
in hepta.ne. The ampules we're chtJJ:ed to "780 , evacuated and name 
--..............------------~-­
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" 
sealed. as in run 1, at 90°. One amp~e was reserved as a control. The 
r.emaining seven wel'e heated at 90.02 t 0.01°. Six of these were with­
drat-m from the bath at l'egu1.ar intervals over a 12-hr period and 
quenched. The seventh ,-ras heated for a total of 24 hr. The contents 
were a~alyzed by UV. A plot of absorbance versus time was prepared, 
which indicated decreases in absorbance of 1.4~ and 4.6%, respectively, 
over periods of 12 and 24 hr. 
(Run 3 at 900 ) Eighteen ampules were employed. One set of eight 
. 
lvas rinsed vnth heptane as in run 2 at 900 • Eight others "lere fill ed 
"'1ith concentrated aqueous ,~mmonia (to .neutralize any acidic sites on the 
glass surface), heated in a ~teaM bath 2 hr. rinsed with three portions 
of deionized water, heated at 1600 in an oven and finally evacuat~d 
to full oll~putnp vacuum while stiil hot to' remove res·idual'moisture. 
One of the two remaining ampules was evacuated to full oil-pump vacuum 
and heated in a gas flame until a yellow sodium flare-off was observed. 
After being allowed to cool to ~oom te~perature while evacuated the 
ampule was filled with ta~~ nitrogen. The eighteenth ampule was not 
treated in any special manner. All 18 ampules were filled with the 
trans,trans solUtion employed in run 2 at 90°, chilled to _78°, 
evacuated and flame sealed'. A control sample ,fro!p ~acl:l,set 01: ,ei'g~t 
ampules was set aside; the remaining 16 were heated to 90.02'%0.01 0 • 
At 2-hr intcl'vals over a 12 ...hr period one ampule from each set of eight 
was withdral'ffi from the constan~ temperature bath and quenched. The 
remaining four ampules were heated,an additional 12 hr. Absorbance 
readings were determined at 256 nm for the 18 samples and plott~d 
against time. Over 12 hours those samples which had been placed in 
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heptarlc..rinsed amp'lu:es showed the least relative decline in absorbance' 
(1 .0% compared to 2.6% for the ammonia-rinsed ampules). However the 
contents of the flame-heated ampules displayed the least decrease in 
absorbar'c~ (1 .L~%) of any of the 21} hour samples. A 2.0% reduction in 
the a1sorbance of the 24-hour sample contained within a heptane-rim,;ed 
ampule ~·ras noted. 
(&1.\n 4 at 900 ) Eight sets of three ampules each were prepared. 
The first set vIas rinsed with heptane (2 p~rtions). The next tHO sets 
were heated in a steam-bath 0.5 hr with respectively, 12 M hydrochloric 
acid @.nd hot 20% aqueous sodium hydroxide. The acid-treated ampules 
were then rinsed with deionized ,-rater (3 portions). After being dried 
. . 
at 1700 in an inverted position and evacuated while hot to full oil-
pump yacuum. the three sets of ampules were filled ~ith tank nitrogen, 
foll~7ed by 4.92 X 10-5 M trans, trans solution. ~~other set was 
evacuE.tod to full oil-pump vacuuru and heated by a gas flame until a 
yellow sodium flare-off was observed. Vfuen these had cooled to room 
tempel'l\turo they were filled first vrith tank nitrogen and then \'1ith 
4.92 X 10-5 1'<1 trans,trans solution. The rem~ining four sets, which 
had net been treated in any special way, were filled with trans,trans 
solutjons containing about 1% (by weight of trans, trans) of either di­
U-butylli\iIlmoll1.ufI1 picrate, hydroquinone, acetic acid, or di-::U-butylamine. 
~~hese 501~tions were prepared by admixing 10~1 aliquots of saturated 
solutions, in heptane, of the picrate of hydroquinone, or dilute 
(.E!. 1O:'~ H) aolutions, in heptan'~~\ either of glacial aoetio acid or 
di-n.-tl1.1tyla.:mine. with 25-ml portions of a' 4.82 X 10-5 M trans, trans 
.. -" -­
....................
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solution). All eight sets of ampules were chilled, evacuated and 
. 0
sealed as before. Tl-ro samples from each set were heated at 90.02 to.01 
for 6.5 and 12 hr'respectively. tN absorbance data vlere then collected 
as before. The most nearly linear decline in absorption vlith time was 
obseryed for those samples enclosed in heptane-rinsed ampules (0.4% at 
6.5 hr. and 0.7% at 12 hr). Samples containing di-U-butylamlne display~ 
ed a slight increase (0.1 %) in absorbance up to 6.5 hr follol-red by a 
precipitous decrease (2.9%) thereafter. Solutions taken from the 
sodiur.: hydroxide-vrashed ampules also showed an increase in absorbance 
over 6.5 hr. amounting to q.2%. Unlike the previous example, however, 
the absorbance declined gradually over the next 5,-5 hr to give a net 
decrease of only 0.06~. A nearly exponential increase in absorbance 
Hith time l-raS observed for those samples placed in acid..washed ampules, 
with the final value, taken at 12 hr. exceeding the initial by 3.1%. 
The remaining four sets of samples (prepared using'flame-heated ampules, 
or trans. trans solutions containing either hydroquinone, di-U-butyl­
ammonium picrate, or acetic acid) displayed moderate (£!. 11& in 12 hr). 
nearly linear, decreases in abso:;-bance vnth time. 
(Hun 5 at 900 ) This run was performed in order to determine if 
the anomalous behavior of trans,trans-diene heated in sodium hydroxide-
rinsed ampules could be reproduced. 
Two sets of ampules were prepared. One set, containing three 
samples. was made up using heptane-rinsed ampules. (qata aquired from 
this set se~yed as reference pOints to which those obtained from the 
second sst could be compared.) The second set consisted of five ampules 
which had been heated in a steam-bath'1.5 hr with,6 M aqueous sodium 
45 
hydroxide, drained and dried, etc., as descri~ed in the preceeding 
section. One sample from each set was reservJd as a control. The 
remaining six vIera heated at 90.02:1: 0.01 0 • Ampules were withdrawn from 
the bath at regular intervals over a 12-hr period, their contents 
examined by UV and plots of absorbance versus time prepared. As in the 
previous run the absorbance of those samples heated vnthin sodium 
hydroxide~~ashed ampules rose to a maximum (representing an increase 
of 1.2~) over a period of 6 hr. An additional absorption minimum was 
also observed after ) hr of heating. 
(R1.Ui. 6 at 900 ) This "run l'TaS indentical to run 5. except that the 
base-washed ampules were given·two preliminary heptane rinses and were 
heated with base for 45 min. Again the absorption of samples contained 
in the base-vTashed ampules rose to a maximum which, hovrever, appeared 
after ) hr of heating rather than six~ The increase amounted to 2.5%. 
(Run 7 at 900 ) Nine ampules were heated 1 hr in a steam bath 
with 6 Msodi~~ h3,droxide. After being rinsed with three portions of 
deionized water the ampules were dried, ·etc., as des~ribed in run 4. 
The samples were placed in a bath at 90.02 ±0.01 0 and were withdrawn 
at regular intQrvals over a 12..hr period. A plot of sample absorbance 
as a function of time v:as constructed. However as the distribution of 
experimental points was very erratic no useful information could be 
derived from it. 
(Run 1 at 1000 ) Fourteen ampules were rinsed t~ice with heptane, 
and dried as uS~al. 'Four of these) vTore filled with If..67 X 10-5 t1 trans, 
trans solution. The remaining 10 ampules were divided into two sets of 
five each. One set filled With 4~6? X 10-5 11 tl'ans, trans solution 
lJ.6 
"rhich "TaS £! 5 x 10-8 Min diphenylamine and the other set with trans,' 
trans solution containing about 5 X 10-8 11 N...phenyl..j?>-naphthylamine. 
All three sets of ampules were sealed in the usual manner. UV data were 
accumulated and analyzed by the conventional procaedure. 
Absorption maxima were noted at about 4.5 and 6 hr for those 
samples to rlhich diphenylamine and N-phenylf-naphthylarnine, respec­
tively, had been added. Decreases in absorbanoe of 0.9%, 1.~% and 2.2% 
were observed for those samples containing the naphthyl~mine, diphenyl­
amine, and no inhibitor, respeotively_ 
(Run 2 at 100°) Dupiicate determinations of the variation of 
trans, trans absorbance With time ,.ere made using two sets of ;five 
ampules which had been rinsed only with heptane. The samples were 
heated for a maximum of six hours. Absorbances for the two sets of 
sampl~s decreased 1.0% and 1.5% during this period. The variation of 
absorbance with time "las found to be nearly linear for one set of' 
samples but quite erratic for the other. 
(Run 1 at 110°) Three sets of five samples each were prepared 
from ampules which had been rins~d only with heptane. OVer a 3.5-hr 
period the ave~age decrease in absorbances was 1.1~•. 
Thermal rearrangement of 2l-3,4-diphenylhexa-1t5~4~ene at 1100 • 
£l~3,4ftDiphenylhexa-1,5..diene (3.9 mg, mp 35.1 u 35.7° in ~~heptane 
(2 ml) ",as ,heated at 110 ± 10 for 12 hours in an evacuated Pyrex ampule. 
Gas-chromatographic analysis indicated the presen~~ of Qnly one 
t. 
component, having a retention time' corresponding to thgt Qf trrns,tranq­t,;;;;4 " __ ' • t _ 1 1 
1,6-diphenylhexa-1,5-diene. Any additional components present in 
amounts greater than 0.1% would have been detected under the analys~s 
-...............----------~----
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conditions eIllployed. This rcazorangement is unusual in that-such a clean 
product was obtained. The crude product of a similar isomerization 
carried out by Lutz (14) at 800 contained 0.9% of a second component 
believed to be an impurity in the starting material. Apparently the 
£l-diene used in the present experiment was of extraordinarily high 
purity. 
Thermal rearrangmaent of ~-3,4-diphenylhexa-1 ,5Mdiene at'1600• 
A Pyrex glass ampule viaS filled with approximately 2 ml of an n ..heptane
. ­
solution of ~-3,4-diphenylhexa-1.5-diene (mp 86.3~86.5°) having a 
, concen ....ration of 7.5 mg/rril.\ The ampule vTas chilled to _780 , evacuated 
by oil.?ump to about 0.6 rom and flame sealed. The ampule was heated 
in an oil bath at 160 ±2° for 8 hI' after 'H'hich time it was opened and 
the contents examined by glpc. Three components having retention times 
corr.esponding to trans.tra~- and ~is2tran~-1.6MdiphenylhvAa-1 ,5-diene, 
and ~~-1,4-diphenylhexa-1,5Mdiene, were detected. These representod, 
respectively, 42.8%, 56.2%. and 1.0% of the total peak area. At 1250 
the percentages are 36.9%, 62.7%, and 0.2%, respectively, the remain­
der (0.2%) being comprised of t"Vl0 uncharacterized componentso Unde:- the
.' 
~ 
analytical conditions employed any components present to the extent of 
0.1% O~ more would have been observed. 
Themal isomerization of ~-3,4-diphenylhexa-1 .5-diene at 2200 • 
~-J,,4-Diphenylhexa...1 ,5-diene (~ 10 mg, mp 85.7-86.2°) was placed in 
a Pyre..< melting 'point capillary \<l~ich was subsequently evacuated to 
full oil-pump vacuum and flame sealed. The capillary was transferred 
to a bath-type melting-point app~ratu~, heated to 2200 during a period 
of about; min and held at 220 ±20 for an additional 15 min. Gas-
chromatographic analysis of the rearranged material indicated the fol­
10lnng product composition, based upon retention times and relative peak 
areas: 50.4% cis, trans-1 t6-diphenylhexa...1 ,5-diene, 1t.7.;% trans, tran~ .. 
1,6-diphenylhexa-1,5-diene and 2.2% tr~-1,4-diphenylhexa-1 t5-diene. 
Three additional unidentified components· having respective retention 
times of 1.;, 2.8 and 6.9 min and representing approximately 0.01, 0.05, 
~nd 0.2% of the crude product were also observed (Fig. 15). (That 
component appearing at 6.9 min was nearly obscured by cis,trans.) 
No other components, including cis.cis-1,6.diphenylhexa-1,5-diene, were 
discerned under the analysiS conditions, which would have permitted the 
detection with ease of components present in amounts of 0.1%. 
Calatyzed rearrangement of dl-;,4-diphenylhexa-1,5-diene on alumina. 
was placed as a solid on a column of Woelm grade super I neutral alumina 
(10.8 g, in reagent heptane). The column was eluted lIiith heptane (500 rol, 
analytical reagent grade) for two hours, during the course of which the 
columr.. aquil'ed a yellovl.orange coler. Thereafter elutions with 4:1 v/v 
~ 
~ 
heptane-benzene (200. ml) p' benzene' (80. ,Ill), and nlethanol ;.(1OC) .n-J:.) were 
carried ~ut. Each of the four eluate fractions was evaporated to dryness 
in vaCUt~ arn the residues dried on full oil-pump vacuum. Infrared 
analys15 o~ the oily heptane residue (1; mg) indicated it consisted 
nearly exclusively of'unreacted dl-diene. A relatively large amount of 
solid matArial (82 mg, mp 67-7;0)< 'comprised of approximately 50% trans,­
trans-1 ,6-dj.phenyl!texa-1 ,5-diene, (lit. mp 78.5-79.00 (14) and 50% 
unreacted dl-diene, was obtained from the 4:1 heptane-benzene eluates." 
(This analysis was based upon IR data.) Chromatography by glpc of this 
residue gave a single peak having a retention time corresponding to 
that of the :trans. tranE-diene. Under the analysi.s conditions any resi.. 
dual ~-diene would have rearranged quantitatively to trans, trans (14). 
Any remaining components were present to an extent of less than 0.1~. 
The be~zene eluate deposited less than 1 mg of material. Owing to its 
size this residue was not examined further. From the methanol eluate 
was obtained 4 mg of a yellow-orange oil possessing a pronounced odor. 
Examination of thiz residu~ by IR indicated the absence of olefinic 
linkages. No further chara~terization were attempted. The total re­
covery of material was 99 mg. (99%) of which 41% was trans,trans-1,6.. 
diphenylhexa-1.5-diene. 
Catalyzed rearrangement of meso-3,4-diphenylhexa-1,5-diene on 
alumina. (Run "1) ~-3,4-Diphenylhexa-1,5-diene (100 mg, mp 86.2­
86.8°, lit. 86-87° (14) was placed as a solid on a column of Woelm grade 
super I neutral alumina (10.2 g "in reagent heptane) •. The column was 
eluted first "Iith heptane (reagent. 550 lrJ.) over a 9-hr period, " 
(the column bebame discolored) followed by benzene (150 ml) and methanol 
(250 ml)~ Evaporation to dryness of the heptane eluate J~elded a total 
of "68 mg of solid, mp 85.1-86.1°, sintering at 75°. Similarly 25 rug of 
solid, mp 76.6-84.0°, sintering at 68° was obtained from the benzeneI 
eluate. Infrared examination indicated the residues consisted of appro­
ximately 75% unreacted ~-diene~; The remainder presumably was a mix­
ture of cis,trans- and tran.trans-1,6-diphenylhexa-1,5-diene since 
50 
absorption characteristic of the trans-disubstituted double bonds pre­
sent in these compounds was observed at 10.37JL. No detectable resi­
due remained after evaporation of the methanol eluate. The total re­
covery of material was 93 mg (93%). 
As the sole purpose of this study was to detel~ine whether or not 
!!!~.2:.diene vTaS subject to rearrangement on an alumina column no serious 
attempt was made to evaluate either the extent of reaction or the nature 
'of the products formed. These investigations Here deferred to a sub. 
sequent experiment which is described below. 
(Run 2) ~-3,4-Diphenylhexa-1~5-diene (200 mg, mp 85.7-86.2°, 
sintering at 80°) dissolved.in 5 ml of heptane was transferred to a 
column of \-loelm gra.de super I neutral alumina (18.9 g in reagent hep­
tane). The column was then eluted with 100 ml of reagent heptane (to 
assure distribution of the diene along the column), securely stoppered, 
and let stand 70 hours. (This was the time required for the column to 
develop an orange discoloration whose intensity was comparable to that 
observed during the dl-dienes t rearrangement.) Thereafter the column 
was eluted successively with reagent heptane (650 u and 500-ml portions),. 
4:1 (vol) hept~ne-benzene (500 ml)~'ben3ene (200 ml) and methanol 
(500 ml). The tlvO heptane eluates yielded 73 mg of mater~al, mp 85.5­
86~7°, and 21 mg of solid, mp 82.9-84.8°. respectively. Neither residue 
. . 
was further characterized. The 4:1 heptane-benzene eluates, collected 
in four 125-ml fractions, were evaporated in vacuum and the residues 
. from the last three were combined:· The first 125-ml fraction l;iber­
ated 78 rug of a semisolid conSisting of 30.0% cis,trans-, 3.2% trans,­
trans-. and 0.4% cis,cis-1:6-diphenylhexa-1.5-dienes, and 60.7% 
51 
unreacted meso-diene, based upon glpc analysis (Fig. 16). The molar
........­
ratio of cisytrans to trans,trans isomers generated solely by rearrange­
ment O~l the alumina column was 9:1 t calcula~ed from glpc data. (Correc.. 
tion for cis,trans- and trans!tra~-diene formed by rearrangement of 
residual meso while on the glpc column ..rere applied.) Ten milligrams 
, . 
of material, mp 63-730 (turbid). was recovered from the remaining 375 ml 
of heptane-benzene eluate and was not further characterized. The 
benzene and methanol eluates yielded respectively, 3 mg of a semisolid, 
'\-1hich was not further characterized and 37 mg of a turbid, yellow oil, 
possessing a pronounced od~r. The latter was found by IR to be similar 
in cOhposition to an oily substance isolated from the methanol eluate 
from a previously attempted rearrangement of ~diene. The extent of 
rearrangement ""as calculated to be about 15%: 220 mg of material were 
recovered, i'opresenting an increase of 10% over the weight of material 
originally placed on the column. 
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Figure 14. Nl'.!R spectrum of crude product from attempted preparation of ~-3,4-diphenylh.axa_1 , 5-diene 
during which base-~atalyzed, rearrangement 'o'ccurad. 
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APPENDIX A 
RftJ{ KINETICS DATA 
TABLE III 
FIRST RUN AT 90° 
~bsorbance Time, hr 
0.382 1.01 
0.641 2.00 
0.850 2.98 
1.030 3.99 
1.153 5.00 
1.264 6.00 
1.387 7.16 
1.491 8.99 
1.544 10.02 
1.574 11.01 
1.615 12.01 
1.654 13.00 
: 1.677 13.99 
1.636 48.01 
. ...5 
Si-Diene cone = 4.98 X 10 M 
Temperature, ocorrected:: 89.89 0+ 0.14 
.' :: 90.030 
Rate constant:: 5.44 X 10-5:~ec-1 (4 half-lives) 
= 5.54 X 10-5 sec-1 (3 half-lives) 
....... -.-,. t 
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TABLE IV 
SECOND RUN AT 900 
Absorbance Time, hr 
0.441 1.33 
. 0.746 2.67 
0.986 4.00 
1.173 
7.001.334 
8.001.416 
9.001.475 
10.001.525 
11.001.563 
12.001.600 
13.001.625 
14.001.640 
dl-Dlene cone =4.93 X 10-5 M 
o . 0 
Temperature. corrected = 89.89 + 0.14 
= 90.030 
Rate constant = 5.31 X 10~5 sec-1 (4 half-lives) 
" 
-5 -1
=-6.46 X 10 sec (3 half-lives) 
.... ­
..........------------~-----
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TABLE V 
THIRD RUN AT 900 
f.bsorballc~ Time, hr 
0.348 1.00 
0.604 2.00 
0.818 3.00 
0.989 4.00 
1.127 
1.244 6.04 
1.335 7.00 
1.411 8.00 
1.476 
1.519 10.00 
1.569 11.00. 
1.601 12.17 
1.631 13.00 
1.641 14.00 
9i-Diene conc =4.93 X 10-5 M 
Temperat~e, corrected = 89.76° + 0.14° 
=89.90° 
Rate constant = 5.34 X '10-5 sec-1 (4 half-lives) 
~ ~ ( )
= 5.51 X 10 sec . 3 half-lives 
''''''''''- . 
60 
TABLE VI 

FIRST RUN AT 1000 

Absorba.nce Time, hr 

0.422 	 0.536 
0.692 	 1.000 
0.928 	 1.528 
1.095 	 2.000 
1.232 	 2.500 
1.346 	 3.000 . 
1.426 	 3.500 
1.490 	 4.000 
1.547 	 4.526 
1.569 	 5.000 
1.614 	 5.508 
1.624 	 6.000 
1.658 	 6.500 
dl-Diene 	cone = 4.84 X 10-5 M 
. 0 6 -4( 0 ) ( 0 0 ) Tomperature, corrected 	=99.71 + 1. X 10 17 99.71 -31.7 
+ 0.11 0 
=100.01 o 
-4 -1 )Rate constants = 1.31 X 10 sec (4.5 half-lives 
-4 -1 ( )= 1.36 X 10 sec 3 half-lives 
........ -' . 
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TABLE VII 
SECOND RUN AT 1000 
Absorb anc.! Time, ht: 
0.434 0.550 
0.690 1.000 
0.919 1.500 
1.094 2.000 
1.231 2.500 
1.345 3.000 . 
1.427 3.500 
1.497 4.000 
1.554 4.550 
1.589 5.000 
1.612 5.500 
1.626 6.000 
1.657 6.500 
1~669 6.933 
9!.,-Diene cono = 4.84 X 10-5 M 
Temperat}1re, corrected ~ 99.73° + 1.6 X 10-4(17°)(99.73°_34.5°) 
... 0.11° 
=100.02° 
-4 -1 ( )Rate constant =1.32 X 10 sec 5 half-lives 
-4 -1 )
=1.38 X 10 sec (3 half-lives 
Samples conta.ined approximately 5 X 10-8 M N-phenYl-~ -n.a.phthyl­
amine. 
..... - . 
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TABLE VIII 
THIRD RUN AT 1000 
Absorbance TIme, hr 

0,419 0~500 

0,708 1.000 

1.502.0993~ 
1 .109 2.000 
2.5001 .249 
1.350 3.000 . 
1.440 3.500 
4.0001.503 
4.5001.552 
5.0001.592 
5.5081.623 
6.5001.667 
6.5001.675 
2!.-Diene conc = 4.86 X 10-5:r-r 
Temperature. corrected =99.740 + 1.6 X 10-4(170 )(99.74-38.00 ) 
+ 0.11 0 , 
=:= 100.020 
Rate constant =1.36 X10-4 sec-1 (4.5 Half-lived) 
0-4 -1 ( )=1.36 X 1 sec 3 half-lives 
.,:-" 
,,,. -.. * 
...........
----------~--~ 
TABLE IX 
FOURTH RUN AT 100° 
Absorbance T~me! hr 
0.420 0.,500 
0.707 1.000 
0.930 1.,500 
1.105 2.000 
1.257 2.,501 
1.360 3.06,5 . 
1.437 3.500 
1.502 4.000 
1.553 4.500 
1.605 ,5.000 
1.616 ,5.,500 
1.649 6.000 
1.672 6.502 
1.688 7.049 
dl-Diene cone =4.86 X 10-5M 
, 
Tempera~ure, corrected = 99.74° ... 1.6 X 10-4(17°)(99.74-38.0°) 
+ 0.11° 
°=100.02 
Rate constants = 1.37 X 10-4 sec­1 ( 5 half-lives) 
6=1.3 -4X 10 -1sec ( ):3 half-lives 
. - -7 . 
Samples contained 5 X 10 .-\M N-phenyl-~ -naphthylaml.ne. 
64 
TABLE X 
FIFrH RUN AT 100° 
Absorbance
. .,.......­
0.432 0.500 
0.716 1.000 
0.946 1.500 
1.116 2.000 
1.310 2 .. 500 
1.362 3.000 . 
1.437 3.500 
1.509 4.002 
1.555 4.500 
1.597 5.000 
1.625 5.500 
1.644 6.000 
1.676 6.500 
dl...Diene conc =4.86 X 10-~ 
Temperature, corrected =99.74° + 1.6 X 10-4(17°)(99.74-38.0°) 
... 0.11° 
=100.02° 
Rate constants =1.36 X 10-4 sec·1 (4.5 half-lives) 
. 8 -4 -1 ( )=1.3 X 10 sec 3 half-lives 
-.,. 
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TABLE XI 

FIRSf RUN AT 11 00 

Absorbance Time, hI' 

0.Z.56 	 0.250 
0.793 	 0.500 
1.040 	 0.750 
1.229 	 1.000 
1.369 	 1.260 
.1.464 	 1.500 
1.541 1.750 
1 • .599 2.000 
1.640 	 2.2.50 
1.672 	 2.500 
1.694 	 2.7.50 
1.710 	 3.000 
1.723 	 3.2.50 
1.727 3.5)00 
2l-Diene cone = 4.91 X 10-.5M 
Temperature, corrected = 109.81 + 0.090 
" 
=	109.900 
-4 -1Rate constant 	= 3.26 X 10 sec ( 6 half...lives) 
=3.31 X 10-4 sec-1 ( 4 half-lives) 
....... ~ - . 
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TABLE XII 
SECOND RUN AT 1100 
AbsorbGl.nce Time, hr 
0.440 0.250 
0.780 0.500 
1.039 0.758 
1.220 1.000 
1.. 359 1.250 
1.469 1.500 . 
1.547 1.750 
1.610 2.033 
1.647 2.250 
1.672 2.500 
1.699 
1.721 3.000 
1.742 3.288 
1.737 3.500 
1.740 3.751 
~-Diene~conc =4.97 X 10-~ 
Te~peraturet corrected =109.81 0 + 0.090 
=109.900 
Rate constant = 3.10 X 10-4 sec-1 (6 .. half-lives) 
=3.21 X 10-4 sec-1 (4 half-lives) 
67 
'TABLE XIII 
THIRD RUN AT 1100 
Time, hr 
0.453 0.250 
0.790 0.500 
1.035 0.750 
1.227 1.000 
1.359 1.250 
1.470 1.500 . 
1.556 1.750 
1.595 2.000 
1.638 2.250 
dl..Diene conc = 4.97 X 10-.5M 
Temperature, corrected = 109.800 + 0.090 
= 109.890 
Rate constant =3.15 X 10-4 sec-1 (4 half-lives) 
Surface-to.·volume ratio increased 8-fold • 
.!: • 
....... _.
~ 
.­
APPENDIX B 
EVALUATIONS OF KIl:-.t'ErICS DATA 

AND ACTIVATION PARAHE1'ERS 

First-order rate constants 'I'1'ere evaluated graphically Y1!! the 
integrated form of the first.order rate equation -In(c/c ) = kt {19),
o 
where c/c is the fraction of reactant remaining after time t, and 
o 
k is the specific reaction rate constant. Values of -In(c/; ) vIere 
o 
determined directly by computer from sample absorbances measured in the 
UV at 256 run using the expression -In{c ·[(A-674•4 co)/35160)1 +- In co.o
The latter formulation is derived as follO'l"s. The total absorbance at 
any ''1'~velength of a binary mixture is given by A = (e 1c1 + €'2c2)b ,'There 
A is the total absorbance, b is the pathlength of the sample, €1 . and e2 
are the molar extinction coefficients for components 1 and 2 respectively, 
and c and c2 are the corresponding molar concentrations (31). In the1 
rearr~gement of dl-3,4-diphenYlhexa-1,5-diene the molar concentrations 
of product and unreacted starting material are related by the expression, 
c =c + c H~ere c and c are the molarities of trans,trans-1,6­
o 1 2 1 2 
diphenylhexa-1,5-diene and Sl-3,4-diphenylhexa~1,5-diene ~t any time 
during reaction, and c is the init1.al molarity of dl-diene. (This
o ­
relationsh~p is seen to be valid since a single product is fo~ed, and 

then only in a 1:1 stoichj.ometric ratio vTith the starting material.) 
t·. 
Substitution of c =c - c from'the last equatioll if.)to·tlre.:e~p~esSion
2 0 1 

immed~ately preceeding it follo'l'Ted by rearrangement gives as. the' con­
-. ­
centration of trans, trans after any period of reaction the value 
= 1 [! -'€' c ].. The concentration of residual ell-diene is thus0 1 b 2 0G -~ 1 '"2 . 
c 
- c =c ~'1 ~ .. ~c]. Values of -In( 2/c )1 	 o .., - 20 oE:.1-~ 
may then be calculated from -In(2/c ) = -In 02 'r 1n c = 
. . 0 	 0 
-In{c - 1 (A - €i c)} + In c. Experimentally determined extinc­
o 	 €. _€ b 2 0 0 

1 2 

tion coefficients having the values €2 =674.4 cm-1 mo1ar-1 and ~1 = 
4 -1 -1 .3.58 X 10 em molar Here substituted into the preceeding equation 
to .give the final expressi~n -In{c 1 (A - 674.4 co)} + In c •o 35160 	 0 
(A value of 1.000 em viaS assigned to the pathlength b.) 
Enthalpies of activation were calculated from the temperature 
depenpence df the rate oonstant under isobaric conditions. Plots 
of -In(k/T) versus 1/T, where k is the rate constant at absolute 
temperature Ts were constructed and their slopes evaluated by lileans 
of a least-squares computer program.. (19) • Activation entropies were 
evaluated from the equation k =~T .exp(-.AH*)exp(as*) t-rhere k is the ~ h RT \R 
rate qonstant a.t the absolute temperature T, ...fI. is. Boltzmann I s constant, 
h is Planck t s constant, R is the gas constant. and .bH* . and 'AS*,. ~re the 
enthalpy and entropy of activation, respective1y-(19). 
